ABSTRACT
Background About half of all US states have cigarette minimum price laws (MPLs) that require a per cent mark-up on prices, but research suggests they may not be very effective in raising prices. An alternative type of MPL sets a floor price below which packs cannot be sold, and may be more promising. This new type of MPL policy has only been implemented in 1 city, therefore its benefits relative to excise taxes is difficult to assess. Methods We constructed a set of possible state floor price MPL options, and matched them to possible state excise tax hikes designed to produce similar average price increases. Using self-reported price and cigarette consumption data from 23 521 participants in the 2010-2011 Tobacco Use Supplement of the Current Population Survey, we projected changes in pack prices and cigarette consumption following implementation of each paired MPL and tax option, for lower and higher income groups. Results We project that state MPLs set at the average reported pack price would raise prices by $0.33 and reduce cigarette consumption by about 4%; a tax with a similar average price effect would reduce consumption by 2.3%. MPLs and taxes that raise average prices by more than $2.00 would reduce consumption by 15.9% and 13.5%, respectively. In all models, we project that MPLs will reduce income-based smoking disparities more than their comparable excise taxes. Conclusions Floor price cigarette MPLs set at or above what consumers currently report paying could reduce both tobacco use and socioeconomic disparities in smoking.
Nearly one in six US adults are current cigarette smokers, 1 and prevalence is much higher among individuals with low incomes. In 2014, 26.3% of adults living below the federal poverty level smoked, in comparison to only 15.2% of those living at or above it. 1 Increasing the price of tobacco products is one of the most effective strategies for reducing tobacco use, 2 3 and two reviews indicate it shows promise for decreasing socioeconomic disparities. 4 5 Cigarette prices have typically been raised in the USA through excise taxes, but recently some states and cities are exploring non-tax price-related policies. 6 7 One approach is a minimum price law (MPL), which sets a minimum price below which it is illegal to sell a specific product. Many MPLs work by requiring per cent mark-ups on retail or manufacturer prices, but evidence of their effectiveness is limited, likely because current mark-ups are small, and many MPLs permit the use of price promotions to undercut the minimum price level. 8 9 Public health and legal officials recently recommended a style of MPL that sets a single floor price below which cigarettes cannot be sold. 10 A floor price MPL was implemented in New York City in 2014, and Chicago may implement a similar policy soon.
Excise taxes and floor price MPLs differ in how they are designed to raise tobacco prices. Whereas most cigarette excise taxes in the USA levy a specific price hike across the market, floor price MPLs are structured to raise prices particularly on cheaper products. For instance, a 50-cent tax hike applies to a $4.00 discount pack and a $7.00 premium brand. In contrast, a $5.50 MPL should raise the price by $1.50 on the discount pack but not alter the premium brand price. As a result, floor price MPLs may have a stronger impact on individuals who smoke discount cigarette brands or use coupons to reduce the price they pay. Greater use of several price minimisation strategies has been documented among low-income smokers. [11] [12] [13] In this study, we test the hypothesis that floor price MPLs may be more effective than excise taxes at reducing tobacco consumption, especially among lower income smokers, by conducting a counterfactual simulation. We construct four pairs of potential state-specific MPL floor prices and excise taxes structured to raise average prices by the same amount. Using nationally representative smoking and self-reported cigarette price data, and previous research about price responsiveness of smokers, [14] [15] [16] [17] [18] we project the impacts of implementing each policy on prices and consumption, among all smokers, and then among higher income and lower income smokers separately.
METHODS Sample
Our estimates of smoking behaviour and cigarette prices prior to simulated policy implementation derive from adult participants in the 2010-2011 Tobacco Use Supplement (TUS) of the Current Population Survey, a national survey that is sponsored by the National Cancer Institute and administered by the US Census Bureau. 19 We excluded 58 091 proxy respondents who were not eligible to be asked all TUS questions, and an additional 896 respondents with missing smoking status data, resulting in a sample of 170 469 respondents.
Of the 170 469 eligible participants, 27 611 (16.2%) reported being current smokers, and 23 730 had complete data on consumption and price paid for the last pack of cigarettes.
We excluded 206 individuals who reported paying extremely high (>$25) or low (<$1) cigarette prices, leaving us with a final sample of 23 524.
Measures

Smoking status
Individuals were considered smokers if they reported having smoked at least 100 cigarettes in their lifetime, and currently smoking every day or some days.
Consumption
Using TUS smoker reports of the number of days that they smoke and the number of cigarettes they consume per smoking day, we calculated monthly consumption for each smoker, and divided it by 30 to create a daily consumption variable. If nondaily smokers failed to indicate how many days they smoked, we assumed 14.5 out of 30, based on previous research. 20 21 
Household income
To create an approximate measure of whether an individual lives in a household below or above the 2010 median income level of $50 046, 22 we categorised everyone who reported incomes of $50 000-$59 999 or more as higher income and everyone who reported incomes as $40 000-$49 999 or less as lower income.
Self-reported prices paid for a pack of cigarettes TUS smokers indicated the price they paid for their last pack or carton of cigarettes, after using discounts. If the self-reported price was for a carton, we divided it by 10 to get a per pack price.
Analysis
Constructing MPL and tax counterfactuals
We first constructed four state-specific MPL floor options that corresponded to 75%, 100%, 125% and 150% of the mean price levels reported by participants buying in each state. To construct corresponding state-specific tax hike levels, we calculated the average price increase we would expect from each MPL using the process to project price changes described below, assuming no evasion, and set the tax hike amounts at these averages.
Projecting changes in cigarette pack prices
For each potential policy, we projected a new cigarette pack price for each sample member. The extent of illicit tobacco trade in the USA varies by state and region, but a recent national report estimates that between 8.5% and 21% of US cigarette sales are illicit.
23 Averaging these, we drew a random sample of 15% of respondents and assumed they would evade new price policies and continue to pay their previously self-reported price. We also assumed that anyone who reported buying on an Indian reservation would continue to do so, evading the new law and paying their previous price. Projected prices for MPLs were set at the purchase state floor price level for all non-evading respondents who initially reported paying less than the floor price, and at the respondent's self-reported paid price for everyone who reported paying the new MPL floor price amount or more. Projected prices for excise taxes were determined by adding the tax hike amount to the self-reported price for all non-evading respondents. To examine whether our results were affected by variation in random sampling of evaders, we repeated this process 10 times. Each produced the same consumption estimates once rounded.
Simulating changes in cigarette consumption
We simulated our projections of cigarette consumption following an increase in cigarette prices using previous research on cigarette price elasticity, a measure of the change in quantity of product consumed following a change in price. Previous reviews converge on a consensus elasticity estimate of −0.4, 15 16 but some recent studies have documented smaller elasticities. 14 17 18 We ran one set of models assuming a more conservative elasticity estimate than the consensus (−0.3). There is also discrepancy in previous literature about whether price responsiveness varies by income level. Elasticities from US-based studies range from −0.29 to −0.43 for low-income smokers, and from −0.10 to −0.22 for high-income smokers. [24] [25] [26] We therefore ran each of our models again, using differential elasticities (e high income = −0.15; e low income =−0.35) that were within this range and that produced a weighted average across the sample of approximately −0.3. We report projected estimates of daily cigarette consumption per population of smokers in the TUS, which comprise changes due to quitting and reduced consumption among continuing smokers.
Estimating the impact of MPLs and taxes on socioeconomic disparities in smoking
We stratified our results to estimate the price and consumption effects of each policy separately for the TUS populations in lower (<$50 000) and higher (≥$50 000) household income categories.
RESULTS
Smoking and prices
Nearly 21% of respondents with household incomes below $50 000 per year reported smoking at baseline, compared with 11% of higher income respondents (table 1) . Lower income smokers also smoked more frequently, and consumed 0.38 cigarettes more per day (13.34 vs 12.96). The average selfreported prices were $5.20 overall, and were $5.42 and $5.10 among higher and lower income smokers, respectively.
State MPL floor price levels and tax amounts
State-specific MPL floor prices and tax hike amounts designed to produce the same average price increases in the absence of evasion are provided in table 2. In Missouri, where purchasers reported paying the least for a pack of cigarettes (state mean= $3.50), we constructed MPL levels ranging from $2.63 (75% of mean) to $5.25 (150% of mean), and tax increases ranging from $0.10 to $1.77. In New York, where respondents reported the highest prices (state mean=$7.21), we constructed MPL levels from $5.41 to $10.81, and tax increases from $0.71 to $3.73.
Projected price changes
For each MPL and tax option, we calculated absolute price changes using the difference between respondents' self-reported prices and the projected new prices, and also calculated relative price increases based on the per cent increase in price each respondent would experience. Average absolute price changes for each policy option are listed on the horizontal axis of figure 1 , and the corresponding average relative price increase for each policy, by income group, is charted on the vertical axis. The four MPL counterfactuals are projected to raise absolute prices by $0.07, $0.35, $1.07 and $2.08, on average. Price changes projected for the corresponding taxes were very similar ($0.09, $0.36, $1.12, $2.13). The slightly higher price increases under the tax result from evaders saving less by avoiding the tax than by avoiding the MPL. From an original self-reported price of $5.20, the MPLs and taxes we simulated are therefore projected to produce new average prices ranging from $5.27 to $7.33.
Relative price increases range from 4.2% to 51.3% for lower income smokers as the MPL level rises. Among higher income smokers, these same MPLs produce relative price increases of only 2.2-43.8%. Relative price increases for taxes are similar for both income groups, and closely approximate what is observed for higher income smokers with an MPL.
Projected consumption changes
We next calculated changes in consumption derived from the relative price increases consumers are projected to experience. Estimates of changes in consumption for the entire population do not differ substantially under the two price sensitivity scenarios we considered, so we report results for the models that assume a consistent elasticity of −0.3. As MPLs increase across the four options, we predict that per capita daily consumption would drop from 13.2 cigarettes to 13.0, 12.7, 12.0 and 11.1 cigarettes. The corresponding tax policies are projected to produce consumption levels of 13.1, 12.9, 12.3 and 11.4 cigarettes, respectively. Put in relative terms, we project that an MPL that raises average prices by $0.33 would reduce consumption by nearly 4%, whereas the $0.37 tax increase only reduces consumption by 2.3%. Larger average price increases of more than $2.00 are projected to result in a 15.9% drop in consumption for an MPL, and 13.5% for a tax. Figure 2 contains two panels that chart projected changes in per capita cigarette consumption by income group. Both MPLs and taxes are projected to reduce income-based disparities in consumption among TUS smokers, but gaps shrink more for MPLs than for taxes. In the TUS, daily consumption averages were 0.38 cigarettes more among lower income smokers than higher income smokers. Under assumptions of consistent price sensitivity ( panel A), we predict that this gap shrinks to 0.15 cigarettes when MPLs raise prices by $0.33, but only to 0.35 cigarettes when taxes raise prices by $0.37. At the highest price increase options we modelled, the MPL eliminates the consumption gap, whereas the tax reduces it to 0.22 cigarettes per day. Income-based disparities contract further if we assume that lower income is associated with greater price sensitivity ( panel B), but the relative impact of MPLs versus taxes on disparities remains. In this case, we predict that even an MPL set at a state mean could eliminate the average consumption difference between lower and higher income smokers, whereas under a similar tax the difference shrinks to 0.15 cigarettes. At high MPL and tax levels, both policies reverse the consumption gap.
DISCUSSION
This study is the first analysis designed to quantify the potential impact of cigarette MPLs on smoking consumption, and compare that to what we might expect from a tax increase designed to raise average prices by the same amount. Our results indicate that floor price MPLs that raise the cheapest price one can pay for cigarettes can reduce overall consumption more than comparable taxes. For example, an MPL that raises prices by $0.33 on average produced a 4% decline in consumption in our models, compared with a 2.3% decline in consumption from a tax that raises prices by $0.37. An MPL that produced a price increase of more than $2.00 was projected to result in a 16% decline in consumption, compared with a 13.5% drop for a corresponding tax increase.
Furthermore, our results indicate that while both policies might reduce income-based smoking disparities, MPLs may have more potential as proequity tobacco control policies. At every MPL and comparable tax level we modelled, MPLs produced larger consumption reductions among lower income smokers than taxes did. If lower income smokers are more price sensitive than higher income smokers, even a relatively low MPL set at the average price reported by cigarette buyers in a state could eliminate the per capita consumption gap. To achieve a similar outcome, a tax would need to raise average prices by almost twice as much.
The prices that TUS smokers report paying shed light on why we observe these results. Economic theory predicts that consumer responses to price changes depend on the amount of the price increase relative to the original price paid. 15 Lower income smokers in the TUS reported paying an average of $0.32 less for a pack of cigarettes compared with higher income smokers. Any price policy, even a tax that levies the same specific price hike on all smokers, reduces smoking more among the people previously paying the least, because the increase is relatively larger on cheaper prices. Consumption should decline more among people originally paying that rate. An MPL, however, also produces a larger absolute price increase on those smokers previously paying the least, which in turn produces an even higher relative price hike. Our results reflect this; at all price policy levels, relative price changes were substantially higher for lower income smokers under the MPL policy than they were for higher income smokers under the MPL, or any smokers under the tax. In addition, the initial $0.32 difference in average prices reported by lower versus higher income smokers drops to $0.23-$0.26 for MPLs set at state mean prices or above, but remains relatively constant under all tax options (results not shown). We modelled total change in cigarette consumption, which likely occurs from some people reducing the amount they smoke, as well as others quitting smoking altogether. In the TUS, smoking prevalence was nearly twice as high among lower income respondents than higher income respondents. Although the policies we model reduced or even eliminated the per capita cigarette consumption disparity among smokers, the original prevalence disparity would likely shrink but not disappear. Assuming consistent price elasticity, MPLs set at the mean state price are projected to reduce per capita daily consumption among the 15 803 lower income smokers by 0.60 cigarettes per day and among the 7721 higher income smokers by 0.37 cigarettes. The parallel tax projections are 0.32 and 0.29, respectively. Based on original daily consumption averages of 13.34 (lower income) and 12.96 (higher income), and previous studies that suggest that about one-half of reductions in total cigarette consumption result from smokers quitting all together, 25 27 28 it could be reasonable to expect about 2.2% of lower income smokers and 1.4% of higher income smokers to quit in the MPL scenario, compared with 1.1% of smokers from each income group in the tax scenario. This translates to 466 TUS smokers quitting under the MPL, compared with only 264 under the tax.
In addition to their promise for shrinking disparities, floor price MPLs may have other advantages as price policies. Many of the MPLs currently adopted in US states employ complex mark-up schemes, rather than a floor price, and permit discounting. 8 As a result, these MPLs appear ineffective at raising prices, and are likely difficult to enforce because the legal allowable price is not simple to discern. Floor prices, in contrast, are more straightforward, which simplifies enforcement and limits illicit trade. Yet, MPLs also have some drawbacks. For those low-income smokers who maintain their consumptions levels, pricing policies add financial strain to their budgets, and this strain is the greatest for those who experience a large relative price increase, as is more likely under an MPL. Smokers may want to quit rather than face these costs, but have a particularly difficult time doing so. 29 30 Another potential downside of MPLs is that they may raise profits for the tobacco industry that could be shifted to marketing or other efforts to grow their consumer base. 6 A comprehensive approach to tobacco pricing policy that relies on excise taxes and floor price MPLs may be the strongest approach. Combining MPLs with tax policies may ensure that prices are raised on premium products as well as discount brands, while maintaining the disproportionate effect at the cheaper end of the market we find to be associated with reducing disparities. Furthermore, if MPLs are implemented with high excise taxes that are included in the minimum price level, the 'profits' from the MPL could go to state governments in the form of taxes. This approach is similar to two policies considered in other countries, but less familiar to policymakers in the USA: a minimum specific excise tax which disproportionately raises taxes on cheaper products, 31 32 and a price cap and tax policy that sets a maximum price a retailer can charge and adds a large excise tax to raise consumer prices. 33 Finally, pairing both MPLs and taxes with provision of accessible, free or low-cost cessation services may enhance the effectiveness of the policy, and minimise the extent to which it places additional burdens on already vulnerable groups. 34 As with any predictive modelling, our results are heavily dependent on the assumptions we employ. In particular, we assume that 15% of smokers will respond to increased prices by seeking out opportunities to avoid the new prices. MPL price analyses in Malaysia 35 and New York City, 36 however, indicate that the per cent of illicit (or below minimum price) sales only increased by 3-5 percentage points following policy implementation, suggesting we may have underestimated the modelled policies' impact on prices. In reality, the amount of policy avoidance will likely vary by state, based in part on differences in prices in, and distances to, nearby cigarette markets, 37 38 and by income levels, smoking intensity and self-reported price levels prepolicy. The people likely to be more deeply affected by an MPL than by a tax (those paying and earning the least) may also Figure 1 Relative price increases projected for each policy option by income. API, average price increase; MPL, minimum price law.
be more motivated to evade an MPL than a tax, which might diminish the relative impact of the MPL. Finally, we focus this analysis on cigarette consumption, but it is possible that changes in cigarette prices following MPLs or taxes could prompt smokers to switch to another tobacco product, like little cigars 39 or e-cigarettes, 40 or use loose tobacco, 41 rather than quit or reduce tobacco use.
In addition to these assumptions about consumers, our modelling does not account for how retailers or the industry might respond to an MPL or tax. Empirical research, as well as economic theories of price setting in oligopolistic markets, indicates that the industry either overshifts all of its taxes, so that all prices go up by more than the tax amount, 42 43 or primarily shifts a tax burden to premium products, raising prices on those products disproportionately in order to keep the prices of discount brands cheap. 15 44-46 If the excise taxes we analysed were overshifted across all products, we may have underestimated the rise in prices for all products and the associated reductions in overall consumption for this policy. If, however, taxes were disproportionately shifted for higher priced products, we may have underestimated the rise in prices on expensive products, but actually overestimated the rise in prices on cheap purchases. In this scenario, we might observe a smaller tax-associated reduction in income-based disparities than modelled. Whether price shifting would occur with an MPL, and how, is unknown. By its nature, an MPL prevents the industry from keeping low-priced products cheap. If the industry generates sufficient profits on these products to offset losses due to reduced consumption generated by the MPL, the incentive to price shift at all may be more limited than under a tax scenario. If an MPL is levied in conjunction with an excise tax, however, the industry might still raise prices on premium products. Researchers should collect empirical data about product-specific price shifts in jurisdictions that have implemented a floor price MPL to build dynamic models of the potential impact of MPLs in a tobacco market system. 47 48 Although specific excise taxes have long been the price policy of choice in the USA, the analyses we present here suggest that a floor price style of MPL may be more effective at reducing cigarette consumption, especially among low-income smokers. Specifically, our results indicate that flat rate state MPLs, if set at or above the average pack price reported by smokers in that state, can reduce smoker's cigarette consumption by 67% more than corresponding taxes. By specifically targeting cheap prices more frequently reported by low-income smokers, MPLs may also be well positioned to reduce income-based smoking disparities, especially if implemented in conjunction with other price policies and low-cost cessation services.
What this paper adds
Previous research on relatively weak or poorly structured minimum price laws (MPLs) may not reveal their potential as tobacco control strategies. Using nationally representative data about smoking behaviour and prices smokers report paying for cigarettes, this study projects the impact that stronger MPLs could have on prices and cigarette consumption, and compares them to excise taxes designed to raise average prices by similar amounts. Contrary to the limited previous work indicating weak associations between existing MPLs and prices, we predict that MPLs with floor prices set at or above average state prices could reduce disparities in the prices low-income and high-income smokers report paying for cigarettes, as well as the cigarettes they consume, and shows promise as a proequity tobacco control policy.
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